Since the most significant ischemic sequelae occur within hours of stroke, it is necessary to understand how neuronal function changes during this time. While histologic and behavioral models show the extent of stroke-related damage, only in vivo recordings can illustrate changes in brain activity during stroke and validate effectiveness of neuroprotective compounds. Spontaneous and evoked field potentials (fEPs) were recorded in the deep layers of the cortex with a linear microelectrode array for 3 hours after focal stroke in anesthetized rats. Tat-NR2B9c peptide, which confers neuroprotection by uncoupling the PSD-95 protein from N-methyl-Daspartate receptor (NMDAR), was administered 5 minutes before ischemia. Evoked field potentials were completely suppressed within 3 minutes of infarct in all ischemic groups. Evoked field potential recovery after stroke in rats treated with Tat-NR2B9c (83% of baseline) was greater compared with stroke-only (61% of baseline) or control peptide (Tat-NR2B-AA; 67% of baseline) groups (Po0.001). Electroencephalography (EEG) power was higher in Tat-NR2B9c-treated animals at both 20 minutes and 1 hour (50% and 73% of baseline, respectively) compared with stroke-only and Tat-NR2B-AA-treated rats (Po0.05). Tat-NR2B9c significantly reduces stroke-related cortical dysfunction as evidenced by greater recovery of fEPs and EEG power; illustrating the immediate effects of the compound on poststroke brain function.
INTRODUCTION
Cortical focal ischemia is most commonly caused by occlusion of a cerebral artery. The core of the infarct experiences greatest loss of blood supply and cell death occurs within minutes. Neurons surrounding the core, in an area known as the penumbra, experience only a moderate reduction in blood flow and thus retain structural integrity, but may die in the hours and days following ischemia. 1 This delayed death presents an excellent opportunity for therapeutic intervention.
Considerable research has been directed toward finding effective treatments for acute ischemic injury. Slow progress in this area reflects the complex nature of the mammalian nervous system, a lack of understanding in how neurons communicate during ischemic injury, and the role of communication in neuronal survival. 2 Excitotoxicity via N-methyl-D-aspartate (NMDA)type glutamate receptor overactivation is thought to have an important role in neuronal death in the ischemic penumbra and thus, glutamate receptor blockade has been a focus of neuroprotective research. 3 However, this approach has not proven clinically useful because of poor pharmacology, poor neuroprotection in long-term recovery, and severe side effects of blocking excitatory communication. 4 Uncoupling NMDARs from specific intracellular signal transduction cascades can confer neuroprotection in vitro and in vivo without affecting the basal function of the channel. 5, 6 To this end, Aarts et al 1 discovered that selective uncoupling of the scaffold protein PSD-95 from NMDAR can prevent neuronal death without blocking normal NMDAR function. They accomplished this by using the cell-permeable 20mer peptide Tat-NR2B9c, containing the nine carboxy-terminal amino acids of the NMDA receptor NR2B subunit fused to the 11-mer HIV-1 Tat protein transduction domain. The peptide disrupts the protein-protein interactions of PSD-95 with NMDAR, 7 thus preventing toxic signaling. In short-term survival (24 hours) experiments, Tat-NR2B9c significantly reduced focal ischemic brain damage in rats. In long-term survival (60 days) from stroke, Tat-NR2B9c preserves motor, learning, and behavioral abilities and preserves the brain tissue so that little or no brain lesion is evident upon histologic assessment. 8 Research into ischemia and ischemic neuroprotection has typically been performed using histologic or behavioral analyses. Histologic analysis provides only gross assessment of infarct size and location, whereas behavioral function has been used to assess the extent of deficit in poststroke motor control, learning, and memory. In vitro studies have focused on cell death pathways associated with stroke-related degeneration but many have not yet been translated into in vivo approaches for stroke. In order to fully understand how stroke affects the brain tissue, we need an in vivo neurophysiologic model that can assess real-time changes in cortical excitability during and after stroke. It has been shown in primates and proof-of-concept clinical studies that uncoupling the PSD-95 protein improves neurologic outcomes after strokes involving middle cerebral artery occlusions. 9, 10 It is well known that a relatively short-time window exists between the first infarct and the progression of a more prolonged transient ischemic attack where reversible symptoms such as ionic fluxes exacerbate neurologic deficits. 11 As such, we were interested to find out what effect Tat-NR2B9c has on synaptic function during this critical early phase of degeneration prevention. In order to accomplish this, we developed a linear 8-channel microelectrode in vivo model of stroke that can monitor extracellular field potentials before, during, and after stroke. 12 Using this model, we show that uncoupling PSD-95 scaffolding protein from NMDAR using Tat-NR2B9c peptide causes rapid and significant recovery of cortical function after stroke. To our knowledge, this is the first study showing neurophysiologic recovery of cortical dysfunction after administration of a neuroprotective compound during the poststroke therapeutic window.
MATERIALS AND METHODS Animals
Experiments were conducted using a total of 34 adult male Sprague-Dawley rats (280 to 400 g) in compliance with the ethics protocol of the University Health Network Animal Care Committee (UHN ACC) and ARRIVE guidelines. The present study has been approved in its entirety by UHN ACC. Animals were placed into four groups -stroke-only (n ¼ 11), sham (n ¼ 6), Tat-NR2B9c þ stroke (n ¼ 6), Tat-NR2B-AA þ stroke (n ¼ 7), and Tat-NR2B9c þ sham (n ¼ 4). Every effort was made to reduce the number of experimental animals used and minimize discomfort. Rats were housed in the animal care facility at the Toronto Western Hospital with food and water ad libitum. Experiments were performed in the light phase of a 12 to 12-hour light-dark cycle.
Anesthesia was induced using isoflurane (Pharmaceutical Partners of Canada) and maintained with an intraperitoneal injection of urethane (Sigma, Oakville, ON, Canada) at a dose of 1.2 g/kg. Urethane anesthesia allows continuous monitoring of cortical electrophysiology over a prolonged period with minimal cardiovascular and respiratory complications. 13 Furthermore, spontaneous potentials measured in rats anesthetized with urethane have similar characteristics to those generated in the conscious animal. 14 Adequate levels of anesthesia were confirmed every 15 minutes by absence of a withdrawal reflex to hindlimb pinch and maintained as required by supplemental doses (20% of initial dose) of urethane. Body temperature was maintained at 361C to 371C.
Pre-Experiment Surgery
After induction of anesthesia, the hair on the dorsal surface of the head was shaved and the head was mounted in a stereotaxic frame (Stoelting, Wood Dale, IL, USA), with blunt ear bars and a mouthpiece with an incisor bar. Lidocaine (2% solution; Astra Pharma, Mississauga, ON, Canada) was administered by intradermal injection before an incision was made along the anterior-posterior axis on the dorsal surface of the cranium. The skin was retracted and clamped, exposing the bregma and lambda. The anterior-posterior (AP) and medial-lateral (ML) coordinates for the region of recording were located on the dorsal surface of the exposed skull. A right rostrocaudal cranial window (AP À 5.0 to þ 4.0, ML midline to ridge), for access to the somatosensory cortex, was made using a highspeed drill leaving the dura intact. Finally, to access the middle cerebral artery for ischemia induction, a 5 mm lateral extension of the craniotomy was made underneath the cranial ridge on the right hemisphere.
Electrophysiological Recordings
All experiments were performed using a parasagittal 8-channel microelectrode array, with 1 mm tip separation, as previously published by our group. 12 Microelectrodes were assembled from Parylene-C-insulated tungsten wires (Micro Probe, Gaithersburg, MD, USA), with a 20 mmol/L tip length. To decrease the initial impedance of 1 MO for recording, the electrode tips were electroplated in 24 karat yellow gold electroplating solution (Krohn Technical Products, Carlstadt, NJ, USA) and followed by platinizing solution (VWR Scientific Products, Mississauga, ON, Canada) using a Stimulus Isolator (Sarasota, FL, USA; A360 World Precision Instruments) and 1 mA of cathodal direct current applied to the electrode for approximately 10 seconds, giving final impedances of 200 to 400 kO. Finally, the microelectrodes were insulated by a sleeve of polyimide Kapton (Micro ML Tubing, Midway, MA, USA). Recording electrodes were inserted into a 10-pin connector (Omnetics Connector) with eight channels, one ground and one reference connected to the neck skin.
The array was arranged rostrocaudally across the frontoparietal hemicortex about the bregma (ML þ 3.0 to 3.5, DV 2.0 mm) ( Figure 1 ). Electrode 1 was the most anterior and electrode 8 the most posterior electrode, with inner electrodes 4 and 5 centered on bregma. Evoked field potentials were generated by stimulating the ventral posterolateral nucleus of the thalamus (VPL; AP -2.3, ML þ 1.8, DV 6.3 mm), ipsilateral to the ischemic cortex. As the animal was fully anesthetized, direct electrical stimulation of the thalamus was chosen over peripheral nerve or whisker barrel stimulation. 15 The parasagittal microelectrode array recorded field potentials in the 'watershed' border region between the anterior and middle cerebral arteries. Signals were amplified using a 20-gain headstage and amplifier (Plexon, Dallas, TX, USA) (filter settings 3 Hz to 5 kHz, Gain 5000). Each output was digitized at a sampling rate of 12 kHz, displayed, and recorded using a MICRO 1401 mkII computer interface device, and Spike2 neurologic capture software (CED, Cambridge, UK) for offline analysis.
Ischemia and Sham Surgeries
At the beginning of each experiment, a stable baseline of 5 to 10 minutes of spontaneous cortical oscillations was obtained. Cerebral blood flow was measured for the duration of the experiment (3 hours) with a Doppler Flowmeter (Moor, Devon, UK; Instruments Limited). The laser probe was placed 2 to 3 mm above the surface of the cortex near in the vicinity of the 3rd and 4th electrode. Large veins and arteries were avoided to obtain regional blood flow supplying the affected cortical parenchyma.
The right middle cerebral artery was localized under a high-power microscope (Carl Zeiss, Toronto, ON, Canada; AG). Ischemia was induced by coagulating the visible arteriolar branches of the middle cerebral artery and one protruding branch of the anterior cerebral artery using a microcautery pen. This is a modified version of the previously published model of focal cortical stroke. 8, 16 Recordings were maintained up to 3 hours after vessel occlusion. The sham surgeries were identical to those in the ischemia group; however, no arterial coagulation was performed. Test pulses (1 Hz) were administered continuously for the next 3 minutes. Figure 1 . Illustration of the parasagittal 8-channel microelectrode array in the rat cortex. The array was arranged rostrocaudally across the frontoparietal hemicortex. Ischemia was induced by coagulating the arteriolar branches of the middle cerebral artery (MCA) and one branch of the anterior cerebral artery (ACA) using a microcautery pen (denoted by X). Outline around array denotes size of the craniotomy.
Subsequently, 10 pulses were delivered every 10 seconds for 12 minutes, then every 5 minutes for 45 minutes and lastly every 15 minutes for the next 2 hours (Figure 2 ).
Tat-NR2B9c Peptide Synthesis and Administration
Tat-NR2B9c and Tat-NR2B-AA peptides were custom synthesized at the Advanced Protein Technology Centre at the Hospital for Sick Children in Toronto using solid-phase peptide synthesis. Full-length peptides were cleaved from the solid substrate using trifluoroacetate, analyzed by mass spectrophotometry to confirm sequence, and lyophilized under nitrogen. Peptides were reconstituted at a concentration of 1 mol/L in water and dialyzed overnight at 41C against 10 mmol/L ammonium bicarbonate buffer, pH 7.0, to remove TFA. The dialyzed peptide was aliquoted and stored at -801C. Final peptide concentrations were determined by the OD at 280 nm. Tat-NR2B9c contains an 11 amino acid membrane transduction domain from the HIV-1 Tat protein, fused N-terminal to the last 9 C-terminal residues of the NMDAR NR2B subunit. The NR2B portion of the peptide contains the T/SxV motif critical for PSD-95 binding. Tat-NR2B-AA (control peptide) is identical to Tat-NR2B9c with the exception of a doublepoint alanine mutation in the T/SxV thus eliminating PSD-95 binding. In the present study, Tat-NR2B9c and Tat-NR2B-AA (3 nmol/g of body weight) were hand injected via tail vein in six animals each, 5 minutes before ischemia induction.
Data Analysis
After experiments, extracellular evoked potentials were smoothed and averaged using Spike2. Fast Fourier transforms were used to analyze acute loss of power spectra after stroke. Electroencephalograph (EEG) power was obtained from 2-minute time windows before and after ischemia without any overlap. The frequency spectrum was largely restricted to the 2 to 8 Hz range across all electrodes and animals. The delta slow wave activity (2to 4 Hz) was the most prevalent frequency band and was readily observed in ischemic and sham rats. In order to characterize the loss of Fast Fourier transform power across animals, we calculated the area under curve by taking 0 to 20 Hz range on the x-axis.
Two-way analysis of variances were used to test main effects and a P-value of 0.05 or less was taken as significant (Sigma Stat). Suppression of fEPs was evaluated using the biphasic W_FP script in Spike2. Amplitudes of the first positive (P1) and first negative (N1) components were calculated and summated to obtain a peak-to-trough (P1 þ N1) measurement. These measurements were then normalized to baseline for channel 3 in each animal and baselines were averaged across experiments.
RESULTS
Evoked Field Potential A depth profile of thalamically evoked cortical fEPs was performed to observe the changes in evoked components ( Figure 3A) . Deeper layers of the cortex were chosen as recording sites, as this region is directly activated by the thalamus. 17 Note that the largest fEP is recorded from deep layers of the cortex ( Figure 3A) , which consisted of two main components-the positive component (P1) and negative component (N1) that together formed a biphasic wave (P1/N1) ( Figure 3B ), which has been previously reported. 18 Thalamic stimulation evoked fEPs with largest amplitudes at ch1 and smallest at ch8, decreasing incrementally with distance ( Figure 3B ). Upon stroke, the amplitude of P1/N1 was completely suppressed in all stroke groups (Figure 4A , C, and D) Following either partial or complete P1/N1 recovery, amplitudes in all five groups were stable to the 3-hour end point ( Figure 4A -E). This presented an ideal quantitative measurement of poststroke brain function.
In stroke animals, P1/N1 recovered only to 61% of baseline, which was significantly less than shams (97% of baseline, Po0.001) ( Figure 4F ). However, application of Tat-NR2B9c to stroke animals significantly recovered P1/N1 (83% of baseline) when compared with stroke-only animals (Po0.001) and stroke animals treated with inactive Tat-NR2B-AA peptide (67% of baseline, Po0.001). Tat-NR2B9c application without stroke did not lead to a significant increase of P1/N1 amplitude (108% of baseline) when compared with untreated shams.
Spontaneous Electroencephalograph Power
Measurements of EEG power were taken at baseline, 20 minutes and 1 hour poststroke ( Figure 5A ). To determine whether the infarct produced a neurophysiologic correlate of an ischemic core and penumbra, we compared EEG amplitude across electrodes in ischemic animals. In the stroke-only group, anterior contacts closest to the ischemic focus (ch1-4) displayed a greater drop in power compared with ch5-8 posterior of the affected tissue ( Figure 5B ) showing a spatial relationship between proximity of ischemia and extent of EEG suppression. At 20 minutes poststroke, EEG power on ch5-8 (47% of baseline) was significantly greater compared with ch1-4 (25% of baseline, Po0.05). This difference remained significant 1 hour after stroke (Po0.01). There was no significant difference in EEG power between ch1-4 and ch5-8 in sham animals (P ¼ 0.29). At 20 minutes poststroke in the ischemic group, ch1-4 had significantly greater loss of power compared with sham animals (107% of baseline, Po0.001). This difference between sham and ischemic groups was still significant 1 hour after stroke onset (stroke ¼ 36%, sham ¼ 102%, Po0.001).
Administration of Tat-NR2B9c resulted in significantly improved recovery of EEG power when compared with stroke-only and stroke animals treated with the control peptide. Tat-NR2B9c þ stroke group showed significantly greater EEG power at 20 minutes after stroke on ch1-4 (50% of baseline) when compared with stroke-only rats (Po0.001) and stroke rats treated with Tat-NR2B-AA (26% of baseline, Po0.001). These differences were still significant at 1 hour (Po0.001). Electroencephalograph levels in Tat-NR2B9c-treated animals were not significantly different than shams (P ¼ 0.052). Sham animals treated with Tat-NR2B9c did not exhibit significant change in EEG power when compared with untreated shams at either 20 minutes (107% of baseline) or 1 hour (132% of baseline).
Confirmation of Stroke
Cerebral blood flow was monitored to verify that stroke occurred in real time and that it coincided with the occlusion of arteries and suppression of electrophysiological recordings. Cerebral blood flow immediately dropped after stroke to 37% of baseline and stayed below baseline for the duration of the experiment (Supplementary Figure 1) . This drop in blood flow is indicative of moderate-to-severe middle cerebral artery occlusion. 19 Craniotomy and electrode insertion without arteriolar occlusion in sham animals caused no changes in cerebral blood flow. Cerebral blood flow levels were significantly suppressed in all stroke animals when compared with shams (Po0.001), thus making the region ischemic. The reason for a non-complete reduction in cerebral blood flow levels observed in stroke animals is possibly because of the focal nature of the pial artery occlusion. Even after stroke, there is still supplementary blood flow that Figure 2 . Diagram of the thalamic stimulation parameters before, during, and after ischemia. Each horizontal line is a cluster of 20-test pulses (1 Hz). Upon ischemia (T ¼ 0), a stimulation cluster was administered every minute for 15 minutes. Subsequently, the interval between clusters was increased to 5 minutes for the duration of 45 minutes (up to 1 hour post stroke). From 1 hour to 3 hours post stroke, each cluster was administered every 15 minutes.
perfuses the affected area from small, unobstructed arterioles branching from the anterior cerebral artery near bregma. 20 As our group and others have published extensive histologic analyses showing significantly reduced infarct size after Tat-NR2B9c administration, 1, 8, 21 the present study focused on neurophysiologic function rather than histology.
DISCUSSION
Tat-NR2B9c confers significant histologic neuroprotection and functional recovery in multiple stroke models, and has demonstrated significant protection in a human clinical stroke trial 1, [8] [9] [10] The present study aims to understand the mechanisms by which Tat-NR2B9c confers neuroprotection by using neurophysiologic correlates characterizing deficit and recovery of brain function after stroke induction. We hypothesized that uncoupling the PSD-95 scaffolding protein from NMDAR would restore cortical function at an early time point after stroke onset. Indeed, administration of Tat-NR2B9c 5 minutes before a focal permanent pial arteriolar occlusion resulted in a significant recovery of evoked and spontaneous cortical electrical activity within 1 hour of stroke. Synaptic recovery after stroke-related neurophysiologic dysfunction illustrates the immediate therapeutic effects of Tat-NR2B9c during ischemia.
It is well known that electrical depression as a result of elevated potassium and glutamate after stroke is directly linked to the loss of neuronal excitability. [22] [23] [24] Furthermore, preservation of neuronal excitability and recovery from synaptic depression has been shown to be critical for functional recovery after stroke. [25] [26] [27] The prolonged disruption of ionic gradients may initiate a cascade of damaging events 28 that lead to prolonged inhibition of evoked responses, as evidenced by decreased fEP amplitude in our study. The dependence of evoked responses on a normal membrane potential is consistent with its strong inhibition during ischemia. 24, 29 This region was chosen for subsequent multielectrode recordings. (B) Illustration of thalamically evoked fEPs recorded from the deep cortex on all electrode contacts. The fEP consisted of two main components -positive (P1) and negative (N1) that together formed a biphasic wave (P1/N1). Note that largest P1/N1 amplitudes were recorded at the most anterior contacts, which are directly activated by the VPL.
It has been shown that EEG power and fEP amplitude are suppressed after stroke. 29, 30 Here we show greater and more rapid recovery of EEG power and fEP amplitude in ischemic rats treated with Tat-NR2B9c when compared with stroke-only animals or ischemic rats treated with the inactive peptide Tat-NR2B-AA. To our knowledge, these are novel findings not reported in stroke literature. Previously studied anti-stroke compounds such as MK-801 reduce glutamatergic signaling through strong, noncompetitive blockade of NMDARs. 3 MK-801 can improve synaptic performance by decreasing poststroke excitotoxicity, but confers poor neuroprotection and leads to serious side effects in human administration. 4, 31 By contrast, our research shows that Tat-NR2B9c does not alter glutamatergic calcium signaling via NMDARs. 1 Disrupting PSD-95 with antisense oligonucleotides or PSD-95 inhibitors does not affect normal excitatory transmission. 1, 5, 32 In the hippocampal slices of mutant mice lacking PSD-95, NMDAR-dependent long-term potentiation (LTP) is facilitated, whereas NMDAR-dependent long-term depression is absent. 32 On the other hand, overexpression of PSD-95 suppresses LTP 33 and decreases the threshold for long-term depression induction. 34 At the molecular level, PSD-95 functions as a critical scaffold protein coupling the NMDAR-mediated rise in calcium to the intracellular signaling cascades necessary for initiating longterm depression. 35 Together, these results suggest that PSD-95 Note virtually no change in P1/N1 amplitude, which was stable for the duration of the experiment. (C) P1/N1 recorded from ch1 in an ischemic rat treated with Tat-NR2B9c. Note complete attenuation of the fEP, followed by significant recovery of P1/N1 amplitude, which was stable until the endpoint of the experiment. (D) P1/N1 recorded from ch1 in an ischemic rat treated with control peptide Tat-NR2B-AA. Note complete suppression of fEP, followed by partial recovery of P1/N1 amplitude, comparable to untreated stroke-only animals. (E) P1/N1 recorded from ch1 in a sham animal treated with Tat-NR2B9c. Note no change in P1/N1 amplitude, comparable to untreated sham animals. (F) In the stroke-only group (n ¼ 6), P1/N1 recovered significantly below shams (n ¼ 6, Po0.001). Significantly greater recovery was observed in animals treated with the Tat-NR2B9c peptide (n ¼ 6) when compared with stroke-only animals (Po0.001) and stroke animals treated with the inactive Tat-NR2B-AA peptide (n ¼ 6, Po0.001). No significant change was observed in sham animals that received the Tat-NR2B9c peptide (n ¼ 4).
acts as an inhibitor of LTP or promoter of long-term depression. At the same time, NMDAR currents, normal subunit expression, and synaptic morphology are unaffected by the selective uncoupling of PSD-95 from NMDAR. If PSD-95 suppresses LTP in normal NMDAR function, it is possible that uncoupling the two proteins in the present stroke model promotes LTP, as seen by recovery of EEG power and fEP amplitude.
Further evidence of involvement of LTP in Tat-NR2B9cmediated recovery has been shown by selectively blocking the NR2B subunit from NMDARs, which leads to a blockade of activitydependent LTP. 36 However, an emerging concept states that LTP is not solely dependent on the expression of the NR2B subunit, but that LTP induction is facilitated by the correct balance of NR2A/NR2B subunit composition at the synapse. 36, 37 A recent study by Costa et al 38 examined hippocampal LTP in Parkinsonian rats and showed that blocking NMDAR-PSD-95 interactions with Tat-NR2B9c promoted LTP. Costa et al 38 showed that the NR2A/2B ratio is decreased in Parkinsonian rats, resulting in LTP impairment. While Tat-NR2B9c decreased LTP in control animals with a normal NR2A/2B ratio, in Parkinsonian rats, the peptide restored this form of synaptic plasticity to control levels. The findings reported by Costa et al 38 are similar to our observations for Tat-NR2B9c-treated stroke rats, where increased signaling of NR2B subunit may be ameliorated by restoring the normal NR2A/ 2B ratio, as evidenced in real time by the early recovery of synaptic function. Lastly, our group has recently shown that Tat-NR2B9c neuroprotection in vitro and in vivo requires CaMKIV and that Tat-NR2B9c enhances CaMKIV phosphorylation after ischemia. 21 It is also known that CaMKIV has a role in mediating early synaptic plasticity in the rodent cortex. 39 These findings support the results of our present study showing greater recovery of synaptic potentials after Tat-NR2B9c administration immediately Figure 5 . (A) Total electroencephalograph (EEG) power in sham (n ¼ 6), stroke (n ¼ 9), Tat-NR2B9c þ stroke (n ¼ 6), control peptide Tat-NR2B-AA þ stroke (n ¼ 6), and Tat-NR2B9c þ sham (n ¼ 4) groups averaged across anterior electrodes ch1-4. Ischemic animals treated with Tat-NR2B9c showed significant recovery of EEG power when compared with stroke-only rats (Po0.01,**) and stroke rats treated with Tat-NR2B-AA (Po0.01,**). No significant change was observed in sham animals that received the Tat-NR2B9c peptide (n ¼ 4). (B) Change in EEG power: each bar corresponds to one channel on the multielectrode array. Ch1 is the most anterior, Ch8 the most posterior, and Bregma is located between channels 4 and 5. Sham animals (green, n ¼ 6) did not lose EEG power at 20 minutes and 1 hour after baseline. Stroke-only (yellow, n ¼ 9) rats showed a decrease in EEG power 20 minutes after infarct with greater suppression in the anterior of the array (Po0.05). Partial recovery was observed in the stroke-only group at 1 hour after ischemia. Anterior array still showed increased loss of EEG power (Po0.01). Ischemic rats treated with Tat-NR2B9c (orange, n ¼ 6) showed no difference in power loss between anterior and posterior contacts.
preceding ischemia when compared with stroke-only rats. It could be that this potentiation is evidenced as early synaptic plasticity facilitated by enhancing CaMKIV phosphorylation with Tat-NR2B9c.
CONCLUSION
To date, there is no viable and approved treatment targeting ischemic neuroprotection. We present an acute focal stroke model, which enables us to study localized changes in spontaneous and evoked potentials in the rat cortex. We showed that uncoupling the PSD-95 scaffolding protein from NMDAR NR2B subunit recovers stroke function during a critical window of potential neuronal degeneration.
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